The possibility was examined that the membrane function of erythrocytes obtained from healthy common marmosets (Callithrix jacchus) was modified by the presence in the cells of Heinz bodies. No significant differences were found in erythrocyte endogenous free malonyl dialdehyde (MDA) or reduced glutathione (GSH) between normal human erythrocytes and marmoset erythrocytes containing Heinz bodies. Membrane fluorescent chromolipids, surface charge and thiol levels were similar in both species but average membrane bulk lipid fluidity was slightly elevated in the marmosets. It was concluded that, in contrast to the situation in human erythrocytes, the presence of Heinz bodies in red cells of marmosets does not adversely affect the properties of the membrane.
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The common marmoset, Callithrixjacchus, is a popular display species in zoological collections and is widely used in medical research. These animals are unusual amongst primates in that Heinz bodies are often found in significant numbers in erythrocytes from apparently healthy individuals (Hawkey, 1985) . Heinz bodies represent the fmal stage in the oxidative denaturation of haemoglobin and their presence is an indication of oxygen-derived free radical-mediated damage in the erythrocyte. When found in human erythrocytes they are considered to be pathological and are associated with unstable haemoglobin types, with congenital or acquired defects of the erythrocyte enzyme systems which protect haemoglobin from excessive oxidation, with exposure to oxidizing substances or with splenic dysfunction (Grimes, 1980) . In model systems in which human erythrocytes are exposed to oxidative stress, changes in cell membrane properties have been observed (Rice-Evans et al., 1985) . It was, therefore, of interest to examine these membrane properties in common marmoset erythrocytes containing Heinz bodies.
The study was also stimulated by a recent report of an increased susceptibility to oxidative stress in erythrocytes from a red-bellied tamarin (Saguineus labiatus) suffering from 'wasting marmoset syndrome' (WMS) (Gutteridge et al., 1986) . This syndrome, which occurs relatively frequently in captive marmosets and tamarins, is characterized by progressive weight loss and muscle wasting, often in association with Heinz body haemolytic anaemia, diarrhoea and alopecia (Shimwell et al., 1979; Hawkey et al., 1982; Chalmers et al., 1983) . Although a subject of much debate, the cause of WMS is not yet known. It appeared possible that species susceptible to WMS may be particularly sensitive to the damaging effects of oxygen-derived free radicals and that free radical-mediated cell membrane damage might be a factor in the aetiology of the condition.
Marmosets suffering from WMS were not included in the study but the results presented should provide useful reference values on which an investigation of erythrocyte membrane properties in such cases could be based. measured with a microviscometer (model MV-I a, Elscinct Ltd, Israel) and converted to the 'relative microviscosity parameter' as described by Rice-Evans and Hochstein (1981) . The formation of fluorescent chromolipids was measured according to Bidlack and Tappel (1973) after extraction of lipids with chloroform/methanol (Bligh & Dyer, 1959) and quantified on the basis of phospholipid phosphorus (Bartlett, 1959) ; the fluorescence spectra from 400 to 500 nm were determined with a fluorescence spectrophotometer (model MPF-44B, Perkin Elmer) with an excitation wavelength of 350nm.
Results
Heinz bodies were found in most blood samples from each of the 24 marmosets in the study group but in none of the normal human individuals. In the marmosets, the number of erythrocytes containing these inclusions ranged from 0 to 700/0 (mean 14· 3%, SD 17-9). Negative counts occurred in only 4 individuals on single occasions. The Heinz bodies varied in size and shape but were usually located close to and often appeared to protrude from the cell membrane. It was rare to find more than one inclusion per cell. Endogenous free malonyl dialdehyde (MDA) levels and GSH levels in marmoset erythrocytes were within the normal human range ( , 1984) . Erythrocytes were separated by centrifugation and washed twice in isotonic Tris-NaCI buffer, pH 7' 4. Reduced glutathione (GSH) levels were measured spectrophotometrically at 412 nm using 5,5-dithio bis-2-nitrobenzoic acid (Beutler et al., 1963) . Erythrocyte membranes were prepared by the method of Dodge et al. as standard. The membrane content of free thiol sidechains was determined spectrophotometrically by the method of Ellman (1959) , using reduced glutathione (Sigma) as standard. Erythrocyte membrane lipid peroxidation was assayed by monitoring the thiobarbituric acid-reactive (TBA) products for the breakdown of lipid hydroperoxides (Walls et al., 1976) . The fluorescent probe l-aniIine-8-naphthalene sulphonate (ANS) was applied to investigate change in polarity and charge at the membrane surface. Membrane samples contained 53 -3 Itg/ml (protein) and 10-0 Itm ANS, extrinsic fluorescence was excited at 350 nm and the emission intensity observed between 430 and 480 nm (Kennedy & Rice-Evans, 1976) . Membrane average bulk lipid fluidity was determined using the fluorescence polarization probe, 1,6-diphenyl-l,3, 5-hexatriene (Shinitzky & Inbar, 1976) , using a probe/lipid ratio of 0,007 (Rice-Evans et al., 1978) . Fluorescence polarization (P) was Omorphos, Rice-Evans & Hawkey results in both species (Table 2 ). Using the amphipathic fluorescence probe, ANS, to measure membrane surface charge, membrane binding was similar with marmoset and human erythrocytes and there was no shift in the emission maximum wavelength (460 nm, Table 2 ). Studies on the erythrocyte membrane properties showed that the average bulk lipid fluidity in marmosets was slightly elevated compared with man. Thiollevels were identical in the two species (Table 2 ).
Discussion
In model systems for studying the susceptibility of normal human erythrocytes to oxidative damage, several changes in the properties of the cell membranes were observed (Rice-Evans et al., 1985) . In particular, t-butyl hydroperoxidemediated oxidant stress on normal human erythrocytes elicited the response in the membranes shown in Table 3 (Rice-Evans et al., 1978; Rice-Evans & Omorphos, 1986) . Furthermore, recent work on human patients with sickle cell disease demonstrated an increase in the TBA-reactive products in both the erythrocyte and its membrane, a decrease in membrane reduced thiol levels although no thiol cross-linked proteins were detected and an increased negative charge at the membrane surface (Rice-Evans et al., 1978; Rice-Evans & Omorphos, 1983) . These findings imply that endogenous lipid hydroperoxides are present in sickle cell membranes which, under the influence of haemoglobin breakdown products bound to the membrane, cause continued oxidative stress in this disorder (Rice-Evans & Omorphos, 1986).
The study described in this paper was based on the assumption that the mechanism responsible for Heinz body formation is similar in common marmoset and human erythrocytes and that in marmosets, as in man, their presence is indicative of oxidative stress. It is known that oxidative denaturation products of haemoglobin in the form of inclusion bodies, are capable of catalysing the breakdown of lipid hydroperoxides (O'Brien, 1969) to produce further radical species which exacerbate oxidative damage (Rice-Evans & Baysal, 1987). The lack of adverse modifications in the properties of marmoset erythrocyte membranes in the presence of Heinz bodies suggests that a mechanism may exist in these animals which protects the membrane from oxidative damage. Evidence for this possibility has been obtained from experimental systems using erythrocytes under iron-mediated oxidative stress, in which the process of oxyhaemoglobin oxidation is implicated in the antioxidant defence mechanism (Rice-Evans & Baysal, 1987). This protective mechanism may be compromised in WMS.
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